We investigate the gravitational constraints imposed to dark matter halos in the context of finite temperature scalar field dark matter. We find constraints to produce multiple images by dark matter only, we show that there are differences with respect to the full Bose Einstein condensate halo when the temperature of the scalar field in dark matter halos is taken into account. The non zero temperature allows the scalar field to be in excited states and recently, their existence has proved to be necessary to fit rotation curves of dark matter dominated galaxies of all sizes, it also explained the non universality of the halo density profiles. Therefore, we expect that combining observations of rotation curves and strong lensing systems can give us a clue to the nature of dark matter. Finally, we propose a method to identify the excited state of a strong lens halo, knowing various halo excited states can provide information of the scalar field dark matter halo evolution which can be tested using numerical simulations.
Introduction.-In the Λ Cold Dark Matter (ΛCDM) model, known as the standard model of cosmology, the formation of structures in the universe is through a hierarchical process of growth of structures, meaning that small structures, like small halos of galaxies merge to form bigger ones, like galaxy clusters and superclusters halos. The ΛCDM model can successfully describe cosmological observations such as the large scale distribution of galaxies, the temperature variations in the cosmic microwave background radiation and the recent acceleration of the universe [1, 2] . However, recent observations in far and nearby galaxies have shown that the model faces some conflicts at small scales, the galaxy rotation curves are more consistent with a constant central density [1, 3, 4] than a cusp, known as the cusp/core problem [4] .
One model that has been widely discuss is the Scalar Field Dark Matter model (SFDM). A review of the model can be seen in [5] . Recently, it has been shown to agree with rotation curves (RC) of dwarf, small low surface brightness (LSB) galaxies [6, 7] , and large LSB galaxies [8] . The main idea is that the dark matter (DM) is a fundamental spin-0 scalar field Φ with a repulsive interaction, in [8] the model was extented to include the dark matter temperature and finite temperature corrrections up to one-loop in the perturbations.
Besides the RCs, the gravitational lensing offers a way to differentiate halo profiles. While the reconstruction of the mass profile in cluster size halos is usually more challenging than in galaxy size halos, we can still obtain valuable constraints from the strong lensing by galaxy size halos. For strong lensing systems, usually elliptical galaxies, in [9, 10] they showed that the the total mass profiles have steeper inner slopes than a Burkert profile [11] , however, it remained inconclusive if it was due to a distribition of baryons or a cuspy halo. In [12] the halos of elliptical galaxies were modeled using a NFW profile and showed that there was an excess of concentration to explain the observed gravitational lensing, and in [13] they give a condition to produce strong lensing when the dark matter behaves as a Bose Einstein condensate (BEC), in this case, the dark matter is a spin-0 scalar field at temperature zero and in which the bosons are all in the ground state. They applied their condition to a subsample of strong lensed systems in SLACS [14] and CASTLES [15] and showed that for these systems the product ρ c r max , with ρ c the central density and r max the halo radius, is at least one order of magnitude greater than the one found in dwarf galaxies and small LSB galaxies [6, 16] , as in a BEC halo the r max is constant, they conclude that the those strong lensing systems must be denser than dwarf galaxies. From all these results, it is clear that the combination of strong lensing and RCs in galaxies are able to constraint the different models of DM and can be the key to find the real nature of the DM in the universe.
In this work we provide the strong lensing constraints for the SFDM model when the dark matter temperature is taken into account. In this model DM halos can be in excited states because now the temperature T =0, this solves discrepancies in rotation curve fits found when T=0, for instance, the presence of a constant halo radius (r max ) for all galaxies and in the case of large galaxies, the incapability to fit at the same time the inner and outermost regions of RCs, see [8] for details. Our results modify the conclusion in [13] as now, the halo radius can be different.
Additionally, using the exact solution of a static SFDM configuration found in [8] to model a DM halo, we discuss how multiple images produced by a galaxy can be accounted for with dark matter only, mainly because different DM central mass concentrations, high and low, can be accommodated in the SFDM model in the form of different excited states of the SF. We also describe a mechanism to identify the state of the SFDM halos that satisfy the strong lensing constraints.
Finite temperature SFDM lens equation.-The formation of DM halos in the SFDM model with non zero temperature was described in [8] . Essentially, the dark matter is an auto-interacting real scalar field (SF) in a therarXiv:1302.5944v1 [astro-ph.CO] 24 Feb 2013 mal bath at temperature T with an initial Z 2 symmetric potential, as the universe expands and cools, the temperature drops until it reaches a critical temperature so that the Z 2 symmetry is spontaneously broken and the field rolls down to a new minimum where it oscillates. The critical temperature T C , determines the moment in which the DM fluctuations can start growing, they do it from the moment when T<T C until they reach a stable equilibrium point. When the SF is near the minimum of the potential and after the SB, a spherically symmetric static SFDM halo has a temperature-corrected density profile given by
where ρ 0 is the central density, k = πj/R, R is defined by the condition ρ(R) = 0, and j is the number of the minimum excited state required to fit a galaxy RC up to the last measured point. We can compare it with the zero-temperature profile of a BEC halo [7] ρ 0 (r) = ρ c sin(πr/r max ) (πr/r max ) .
To obtain the lens equation for the SFDM model we follow the procedure of [13] . We consider the thin lens aproximation and the weak field limit, under this hyphotheses the lens equation for a spherically symmetric mass distribution can be written
where β and θ are the positions of the source and the image, respectively.
are the distances between observer and the lens, observer and the source, and from the lens to the source. The projected mass M p (ξ) enclosed within a projected radius ξ is:
, and θ * ≡ θD OL /R, the dimensionless lens equation:
with
with Results and Discussion.-The parameter λ T determines the properties of the SFDM profile lens. In Fig. 1 we show the lens equation for j = 1, 2, and the BEC halo (we define this case as j=0). The values of λ T in Fig. 1 are all chosen to be above their minimum value to produce multiple images, only those configurations with impact parameter |β * | < β * c can produce strong lensing. β * c is the maximum of β * (θ * ) in Fig.1 for θ * < 0. In Table 1 we report the minimum values of λ T for the first five exited states. From Table 1 we notice that the minimum value of λ T depends on the exited state of the SF in the halo, larger values are required for higher states, also, when the temperature is taken into account λ T,min > λ 0,min for all j, where λ 0,min is the minimum value to produce strong lensing for the BEC halo at T =0.
Comparing with the value given in [13] , we see that for j=1 λ T,min =0.35 > 0.27=λ 0,min , although it is a small difference, the real advantage of adding temperature to the SFDM is the capability to fit a broader variety of density profiles and not only dwarfs. From Eq. (6) we can rewrite the condition to produce strong lensing with a finite temperature SFDM halo as
In Fig. 2 we plot the Einstein radius for the BEC halo and halos with j=1,2. This caustic point corresponds to β(θ * ,E ) = 0. An important effect of the inclusion of temperature is that θ * ,E is smaller for higher values of j for the same value of λ T . This allows us to determine the excited state of the halo form observations. For instance, if an observation of a strong lens system gives us a value of λ T higher than the minimum for j=2, from Fig.2 we see that the strong lensing could be due to a SFDM halo in the first or second state, however, their Einstein radius are different, therefore, observing the Einstein radius in these systems can tell us the state in which the halo is found. Applying this method to a wide sample of strong lensing systems would allow us to extract information on the scalar field halos, like their stability or the existence of correlations between j and redshift, which can be compared with cosmological simulations.
In the case of a BEC halo, the radius r max is a constant, therefore, if we replace ρ 0 by ρ c and R by r max in Eq. (7) we obtain the constraint found in [13] , where they conclude that their sample of strong lensing systems are at least ten times denser than dwarf systems. In our case R is a parameter and is not a constant for all halos [8] . Thus, we have two posible limits. One limit happens when the lens systems have similar radius than dwarfs or small LSBs, the conclusion for this case is the same as in [13] , the lensed halos are at least 10 times denser than these small systems, something that should be expected as these low density systems do not produce strong lensing. The other possibility is that the lens halos are 10 times larger and have similar densities than small systems, and an intermediate situation could be one bewteen the two previous cases. Thus, only the observations of the halos will decide the case to which they correspond.
The condition to produce multiple images with only dark matter is given form Table 1 , if it is found that for a strong lensing system λ T < 0.35 then the various images can not be due to a SFDM halo, in this case it could be the baryons that cause the lensing. We also notice from Eq. (7) and Table 1 , that if λ T > 0.35 then strong lensing can be achieved at least with j=1, for higher values of λ T more excited states are allowed to produce multiple images. However, we have discussed how we can differentiate the state of the SF in a halo using θ * ,E , this angle is related to the halo mass distribution which is a function of j.
It can be seen from Eq. (1) that for a fixed halo radius, as j increases the density distribution shifts towards the center of the halo, the higher the j, the more the central region contributes to the total mass and the less the contribution from the outer regions. Thus, for high j, θ * ,E is closer to the center of the SFDM halo. If we combined this case with the constraint equation (eq. (7)), then, increasing the excited states implies that the dark matter is more concentrated in the center in order to have strong lensing. Therefore, a high central mass concentration can be obtained with a SFDM halo in a exited state and multiple images can form with only DM. This can also explain dark matter dominated galaxy clusters that present multiple images and that have a core behavior in their centers as discussed in [18, 19] . Additionally, multiple image systems in which an apparent cuspy DM halo is necessary can be explained with the SFDM model using an adequate exited state of a SFDM halo, in these cases strong lensing can also be atributed to DM. The posibility that a high central density is due to baryons is not discarded, however, as there are a variety of systems with different central densities, luminosities etc., the explanation of this non-univesality of profiles can be well described within the SFDM model and it is not essential to know all the baryonic physics behind.
Conclusions.-In this work we have given a strong lensing constraint of a finite temperature scalar field DM halo. We extended the previous analysis of a fully condensed system at temperature zero, and show that multiples images are posible with more than one state of the scalar field. As finite temperature DM halos are not of only one radius, then, our constraint expresses two limits, either the halos of strong lensing systems are 10 times larger or 10 times denser than dwarf galaxy halos. We also provide a way to identify the excited state of the DM halo in these systems by means of measuring their Einstein radius, the closer it is to the center the more probable that the SFDM halo is in a higher excited state. A deeper analysis of this can be used as a test to the validity of the SFDM model, mainly, because identifying the excited states of various halos could give us information about their evolution which can be compared with simulations and work as test to our model.
We would like to point out that based on galactic observations, there seems to be a trend that low central density galaxies possess SFDM halos in the base state, while higher density galaxies prefer higher states, for the latter the baryons could accrete faster towards the center producing higher central baryonic concentrations and changing the shape of the inner profile, thus, there could be a tight relation between the type of galaxy and the state of the scalar field in their DM halos, however numerical simulations will be needed to verify these remarks.
Finally, it is important to notice that our finite temperature density profile can describe strong lensing without the need of high quantities of baryons in the center, a high density concentration in the central region of a galaxy halo can be explained with excited states of the SF, and for the clusters of galaxies we can have core profiles to the very center due to the form of our DM density profile that is always core, although in these complex systems a superposition of states could be necessary, mainly because of their complex evolution that could have changed substantially the DM halo profile. In the case that the baryonic concentration is non negligible the central DM halo distribution could be affected, however, a detail analysis of the interaction bewteen DM and baryons will be given in a future work.
